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Synopsis

A capillary extrusion rheometer was developed and tested using

Newtonian oils of known viscosity and seven endodontic scalers.

The described apoaratus and techni que appears appropr ia t e  for corn-

pa ra t ive  assessment of the rheolc i ca ]  c h a r a c t e r i s t i c s  of a v a n i t ’t

of f l u id  dental  m a t e r i a l s .
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EXTRU S ION RhIE O~f l~TRY OF FI.IJI I) MdVI’ERI AL S

The ahi l i t v  of f l u i d - s u b s t a n c e s  to conform to the  shares of

subs t ra te  surfaces  or to “ a m en t rance  t o  m i n u t e  spaces is  governed

l a r g e l y  1w rhco logica l phenomena . An u n d e r s t a n d i n g  of rheo l o g i c a l

behav io r  in  genera l  , and of f low proper t ie s  in par t  i cii i an . is

essential to the ra t iona l s e l e c t i o n  and c l i n i c a l  a p p l i c a t i o n  of

certain dental m a t e r i a l s .  u n f o r t u n a t e l y , the expense of comp l ex

t e s t i n g  mach ine s  (rheoin eter s)  and the inheren t  i n adcuuacies  of

a v a i l a b l e  i n s t r u m e n t a t i o n  of s i mp l e r  des ign  have discouraged the

pursui t  of research in t h i s  f i e l d .

in the present work , comp ara t ive  assessment  of the rheo l o g i c a l

behav ior of f l u i d — m a t  en ia Is was made th rou gh  the use of a recent i v

developed ex t rus ion  rheomerer.

Mater  i a is and ‘lethods

The tes t  ins t rument  e x h i b i t e d  desi gn fea tures  tha t  a l l o w e d

( I )  use of amounts of m a t e r i a l s  commensurate w i t h  those employed in

c l i n i c a l  p rac t ice , (2) m on i t o r i n g  of changes in v i s c o s i t y  w i t h  t i m e .

(3) d e f in i t i o n  of the shea r r at e  dependence of v i s c o s i t y  (4 )  contro l

of t emperature and (5) use of a u x i l I a r y  equ i pment c ommon to m a t e r i a l s ’

testing laboratories.

The ins t rument ’s water  j a ck et , base and reservoir housing were

machined from brass. A diagram dep icting the relationshin of these

components to one another is shown in Fi gure 1.
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the w a t e r  I .uc~ et w a s  9. ~ cm in  h e i g h t  w i t h  i n t e r n a l  d i a m e t  ers

o t~ . . :~ cm and 0. b3 cm t h a t  .uc c u ~~ Ia t ed the i c  st~ r~ o i r hou si ii ’.~ and

c a p t  I l a r v  • rc s~’~’ct i ve l v . I h r e c  rods ti I a  1 cm )  w e r e  a t t ached  to

t he top and hot  t am u s i  i t  cc ot~ th e  ~a t t ’r acket  t o  ~rov ide add i t  tona l

support d u r i n g  the ext ru s  i o i ~ ~‘roccss . The w a t e r  i ac i ~ct was at t ached

t o  .i ho 11 ow h ise . E’ cm in  d I ~t~iet  er . An open i n~ in the base p e r m i t  ted

t ’bser v at  ion of the  ext  ru dat e  d u r i n g  th e  e x p e r i m e n t a l  t r Ia i s .

the r e c e i v o  in  h o u s i n g  ~as a 4 — c m scs.’me n t  of 0 . 5 — c m  ins ide di  —

em t ’r acs t u b i n g .  One end at  the bans in ~ was  f i t  ted w i t h  a lock-

nut  and i n t e r n a l  “0’’ r I n~ s to  p r ay ide a p o s i t  iv e sea I f or  at  t ach inent

a~ t h e cap I l t o r y  . The I a ulbe a r i t t~ su r f ace  of t he  housing was rad iused

and m at ch e d  t o  the t a p  n l a t e  at  t he  w a t e r  ack et  to  a l l o w  sell’ a l  i~~ii-

men t  of the hous 1mg d u r i n g  the p er iod of load app l i c a t ion .

the 10 so my a i r  (ii)  3 . 9 mu~ 1 and p lun ger  ~J i a 4 . 0 mm) were al~ t a i ned

1w mo d i f i  c a t  ion of a con v en t  l a n a i  0. E~ cc glass hv n odc r mi i c  ~~~ ing e .  
*

A 3. 2- cm segment w as  r emoved from the  cen t er  ~~~~ ion of the s y r  i ng e

t’ u’ rt’ I and st at ’  i l l  :ed in the r e s e r v o i r  hous ing  w i t h  ui aut o~ o 1 vmer i —

+ing restit.

131 t i n t  - c u d  hvpode m i~’ need 1 es~ (1 I~ 0. 52 nun and l ength 55 mm)

* ‘‘Pc r fec turn ” Tubercu l in  Sv r i n g  e 1/2 cc • Pa!m~e r and Sons , Inc .

Nei h yde P ark , NY 11040.

• Kadon • 1. D. C a u l k  Co.  • M i 1 ford • I I I:  19963 .

• ‘‘Perfect tun ” R i o  M e d i c a l  N eed les  , 2 1 (~aiw~ e , Popper and Sons , Inc

New Ilyde P~*rk , NY 11 040.
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were used as disposable cap i l l ar ies. A new cap i l l a r y  was used for

each t e s t - run .

Test materials inc luded three N e w t o n i a n  fluids of known viscosi ty 1

and seven endodontic sea1ers.~

The endodont ic sca lers  were m ani pu l a t ed  in  accordance w i t h  t h e i r

respect ive  m a n u f a c t u r e r ’s ins t ruct ions to y i e l d  volumes of about one

cubic cen t ime te r .  F o l l o w i n g  plac ement  of a m a t e r i a l  i n to  the reser-

v o i r , the p lunger  was depressed by a p p l i c a t i o n  of thumb pressure

u n t i l  d ischarge  of the ex t rudat e  from the d i s t a l  oni t’ic e of the  cap il-

larv  was observed . The f i l l e d  reservior and c a p i l l a ry  were placed

w i t h i n  the water  j acke t . Then the  e n t i r e  assembly  was pos i t ioned
**on a cons tan t  s t r ai n - r a t e  r e s t i n g  m a c h i n e  to a l l o w  l oad i ng of the

plunger  in an axial d i r e c t i o n .

~ V i s c o s i t y  S tandards , 30 ,400 cp; 57 ,000 cp ; and 100 ,000 ep

Br ookf i e ld  Eng ineer ing  Corp . ,  Stoughton . MA 02074 ,

¶ M a t e r i a l s  A , B and C , Roth Cements , types (~0l , 801 and S I l ,

respectively , Roth hiru g Co. , Chicago , II ,  60~ 10; m a t e r i a l  hi ,

Diake t , Prem ier tiental Products Co.,  Norris town , PA 19401;

ma terial F , Tubl i—Sea l , and material F , Kerr Pulp  Canal Sealer ,

Kerr Sybron Corp., Romulus , MI 48174; material t~~, Proco-So l , Proco-So l

Chemical Co., West Conshohocken , PA 1942 8

** Instron Universal Testing Machine, Instron Corp., Canton , MA 02021.

-3-
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The test substances were extruded through capillaries at cross-

head speeds of 0.02, 0.05, 0.10, 0.20 and 0.50 inch per minute.

Five tria ls were made w ith each mater ial at each crosshead speed .

The load required for extrusion was measured as a function of time.

Extrusion of the endodontic scalers was begun one and one-half

minutes following the end of mixing . Initial force values were

recorded 30 seconds later .

Tes ts using fluids of known viscosity were accomplished at

25±1C , whereas those using endodontic scalers were made at 37±1C.

The load-time data were transformed into the rheologica l quantities

of shear stress (r) and shear rate (y) by substitution of load values ,

crosshead speeds and measured dimensions of the plunger and cap illary

into appropriate equat ions for the mechanics of flow in cap illar ies.3

Viscosities were calculated from a version of the Hagen-Poiseuille

equat ion. Classification of the rheolog ical behavior of the specimens

was accomplished by application of a power law equat ion: ~_K (Y)
m where

r is the shear stress at the cap illary wall , y the shear rate , and K

and n are constants. Calculated values of n = 1; n<l or n>l permitted

classification of the test material as Newtonian , pseudop last ic or

dilatant , respectively.

Results

The selected crosshead speeds produced shear rates ranging from

8 to 205 reciprocal seconds (sec~~).

Data obtained on extrusion of materials of known viscosity

-4- 
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b ided i t  te s at ’ 315 3~ pa l cc • ~ ~ $ poi Si ’ and ~) $ 2  110 pal  so t a r

th e’ 3 t ~ I . ~~~~~ and 1 ,000 p o i s e  s t . t i w l . t r ~t s . rt ’cI ~ect  i v e t . S a I n t  ian a t  t h e

p owe t. l aw  e~ ua t ion by meg me ’s s ion ,uia I s at ’ i’l at s at ’ log shea r st  me ss

ve i ~sus l ag  s~1t ’,I r r a t e  t o m  t h e ’  low • in i~Ltl  e and h i g h  V I s e o c  i t v  s t an d a r d s

•~~~ i~~ i’ r aspee  t l v i ’ ‘‘n ’ va Itle ’S at ’ 1 .00 • 0.95  a nd 0 .93

The et ’t’oct at ’ t line an the  V i scos i t ’  at  t h e  end odout t  t o  sea l  em s

is  i I l us t  ra t ed  in t i gure  2 . S i x  m a t ’~’i’ i .i  is  e x h i b i t e d  i n c r e a s e d  v i s —

cas i tv w i t h  t i m e .  One s o t  I c r  • m a t er  l i l  C , d ein oust  rat  e~I no chang e’ in

V i  sees i tv  aver  the  I ~ -m u n i t e  per io d at ineast i r ement  . lii i t i t  I i s —

cos It L O S  .it a sh ea r r a t e’ a t ’ 2 1 scc I r ang ed  t’ram ~S pa i so  for

mat  or I a I It t o  .1 . 3~~)9 pa i s o  fo r  m a t e r  i.t l 1) .

S h e a r — r a t e  dependence at ’ th e’ v i cast~ y at ’ t h e  endodantic  se a le r s

is  shown in  F i g u r e  3. V i s c o s i t y  at a shear r a t e  at ’ 205 sce~~ ranged

t’ rout 3~’ pe’ re e’nt ( m a t e r i a l  A) to ~9 ~~ rc en t (m at e i’ l a l  B m u d Cl t o

tha n t h a t  ot~se rv c d at S sec 1 
, C a l c u l a t e d  “ ii ” v a l u e s  rang ed t’t’ain

(~ , &‘4 ( m a t e r i a l  I )  t o  0.59 ( m a t e r i a l  \)  .

Pi s cuss ion

Severa l  t’ae’t at ’s b ra cket  t he  ran ge  at ’ v i s o o s i t  over w h i c h

sat  is foo t  a rv emn p 1 oyrnent at  t he’ ext rus I on rheornet er cou Id be ant i ci —

p at  ed . Inh er en t  con ’ i t  iv I t i  at ’ the loa d  noa su r  l u g  dew ice  and the

m a g n i t u d e  of the’ t’r i~’t lana i  force  develop e~I w i t h  i n  the  eva~’t ma te ’d

r eservoi r  impose a mm irn u m ine’asurabl e’ l i m i t  . On the  other hand

strength and ri g idit y ot ’ t he t e s t  a cso m t ’ lv  as w e l l  as r e l ax a t i o n  at ’

the  rh e omet er— load del i v e r v  coup le del m ate tht’ m a x imum l i m i t  at ’

measurable  v i s co s i t y .
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Ot ’se’r ved v i S c o s i t i e s  at ’ the ’ three ~e w t O n i 0 n  s tandard s e x h i b i t

vat ’ j ot  ion s tha t  a me’ compat lb Ic ’ w I th  tne asui ’ eJ ci iso I’e’panc los  (0 .  02 mm 1

in the’ di amn e’ters at ’ the’ ~a~~i h o n es.  A U d i t  i o n a l l v  , I t  is r e c o gn i z e d

tha t  som e random errors assac lot  eel w i th t he  reported da ta  ar e ’

m an i f e s t  at  ions  at ’ lea ka ge’ at’ mat em i a I pas t  the ’  p lunger , e~t I’a~)meu t

at •t in  buN ’ las i n t h e ’ t e s t  f I i i  Id , i n t e ’rino leon 1,ti ’ t’r i ot Ian , t’l u Id c orn—

pre’s s i b i I  i t v  and cap i l l a r y  e’n d - c f t ’eet s  .

l’hc’ descr ibed procedure ’  app ears  to  he s u i t a b l e ’ t’or contp ar at i’ e’

. t s s e’ssntef lt  at ’ the’ r h e o l a g i c a l  p roper t ies  ot ~ e’itd oet a ii t  Ic sea l em ’ s

tiet’tved ‘II ’’ ~o hiie ’s i n d i ~ .i t t ’  t h at  t he  sca le r s  ar e ’ p s eu d a p l a s t i c  and

tha t  t h e i r  v i s cosi tv  dacre ’ase’s w i t h  ine re a s  lu g ra t e  at’ she a r .  R e s u l t s

obtained 1w the ’ ex t rus ion  method .igl’ e’o w i t h  those  ob ta ined  1w o ther

v i  sc~~iet n c  t cohn IqUe’S. 
l

Cane l us t ens

Compara t i V e’ ;icsessrnen t of the  f l a w  ~~p~ nt c’s at’ se 1e~ t od t’l u id

mat en i a  Is was made by a ~‘ao i l l  am y  ext  m s  I an t echu leple ’. l’h e’ \ew t an i  an

ch ar a c t e r  of o i l s  at ’ known v i s c o s i t y  and the PSe’~1ctOplas t Ic b eh av i or

of endodont Ic sea l ens was de’monst r at  e~$

-



-‘- ,—,— •
~

-
~~
-‘.

__
- --—,—-“•__

~
_ .—‘—--- — -- -, ‘— -- ,-,—,‘-- ‘— -— .  ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

l eg en d s  far  F i g u r e s

F i gure’ I Cao i  I l a r v  ext rus ion rheomet er

F igure 2 . V iscas i t v  of endodont to c o o l e r s  ,mc a fune t  j a m  ~ t’ t line

at a shear r ar e  at ’ 21 r eci pr oca l  seconds.

F igu r e  3 . Vi  seas i tv of endodont IC sea Ie’rs ,is a t’unc t  i an at ’ shear

rat e  t n . .’ n i n u t e ’s after th e end at’ m i x i n g .
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